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Abstract. The aim of these experiments was to examine the applicability of two different 
methods (TOBEC and CT) for the in vivo prediction of egg composition. In the first experiment the 
electrical conductivity of 46 hen’s eggs was measured by means of the TOBEC (Total Body Electrical 
Conductivity) method and correlations were calculated between the measured values and different egg 
components (dry matter, protein, fat). In the second experiment 120 hen’s eggs were scanned by CT 
(computer tomography), in order to develop the CT measurement protocol and to determine 
correlations between the information content of the CT images and yolk content of the eggs. In the 
case of the TOBEC measurements it was established that the dry matter and fat content of the eggs 
could be measured with medium accuracy (R²=0.472 and R²=0.486, respectively), when the electrical 
conductivity (E-value) and the weight of the eggs are used as independent variables in the linear 
regression model. In the second experiment it was observed that the separation of egg yolk and 
albumen is not possible based on the X-ray density values of the pixels (CT picture elements) because 
of the overlapping values of yolk and albumen. The determination of the surface of egg yolk on the 
CT pictures gave fairly good results, but this type of the evaluation is very time consuming. Therefore 
further development of the new egg-separation and segmentation software is needed, which can be 
used to determine the whole volume of the yolk, albumen and shell automatically. 
 




In poultry breeding, it is an old question, whether the size or the composition of the 
eggs has greater effect on the viability of the offspring. In former studies it was already 
observed that the mass of the eggs and also that of the egg yolk increases parallel with the age 
of layers (Applegate et al., 1998; Hartmann et al., 2000; Silversides and Scott, 2001; Oloyo, 
2003). Experiments that followed up the development of embryos and the birds hatched have 
clearly demonstrated that in eggs laid by young layers the development of embryos is slower 
than in those laid by older ones (Applegate, 2002). It was supposed that this is partially due to 
the higher egg yolk ratio of eggs from older birds, which enables a more substantial 
incorporation of nutrients into the organism of the developing embryo. 
Over a long period of time, elucidation of the correlations between the composition of 
hatching eggs and the development of the birds hatched was hampered by the lack of 
instruments that would have been capable of determining the composition of eggs without 
opening them. An attempt for determining the chemical composition of intact eggs was made 
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by Williams et al. (1997), using the so-called TOBEC (Total Body Electrical Conductivity) 
method in their study. In this experiment it was demonstrated that there are significant 
correlations between the so-called E values measured by the TOBEC method (the electrical 
conductivity of the eggs) and the water content of the eggs as well as the dry matter content of 
the albumen in all the four species studied (chicken, duck, guinea fowl and quail). 
Relying on the results of Williams et al., (1997), studies on this field have recently 
been started at the Kaposvár University as well. This paper will demonstrate the results of 
these experiments using the TOBEC method and computer tomography (CT) in the in vivo 
prediction of egg composition. 
 
MATERIALS AND METHODS 
 
The first experiment was carried out with 46 hen’s eggs originated from the 
Experimental Farm of the Kaposvár University from a 36 weeks old TETRA SL laying hen 
stock. All eggs were collected on the same day and stored at room temperature for 24 hours 
for eliminating the effect of eggs’ temperature on the measured values. Eggs were weighted 
thereafter and positioned centrally within the detection chamber of the TOBEC analyzer in 
standing position. 
The TOBEC measurements were carried out with an EM-SCAN SA-2 type Small 
Animal Body Composition Analyser (EM-SCAN Inc., Springfield, Illinois, USA), which 
allows a rapid, non-invasive measurement of the total conductivity index (E value) of the 
eggs. This method is useful for detecting energy absorption in the presence of a radio-
frequency electromagnetic field, which is created when a 10 MHz frequency is passed 
through a copper wire wound around a plexi-glass tube. In this system more energy is 
absorbed by conductive materials such as normally hydrated lean tissue than by resistant 
materials such as fat (Funk, 1991). 
Electrical conductivity of each egg was determined once and the measured value was 
used for further evaluation. 
Following the TOBEC measurements, all eggs were broken and their composition was 
analyzed for dry matter, protein and fat content by the instructions of the Hungarian Standards 
(dry matter: MSZ ISO 1442, crude protein: MSZ EN ISO 5983-1:2005, crude fat: MSZ 6369-
15:1982). 
For the in vivo estimation of dry matter, protein and fat content of the eggs prediction 
equations were created by the linear regression method using the SPSS statistical software 
package (SPSS 10.0 for Windows, 1999). 
The second experiment – using computer tomography for the in vivo prediction of egg 
composition – was carried out with 120 hen’s eggs originated from the TETRA-H dual-
purpose genotype. This experiment was carried out in order to develop the CT measurement 
protocol and to determine correlations between the information content of the CT images and 
yolk content of the eggs. 
The CT examinations were performed by Siemens Somatom Emotion 6 type 
equipment, housed at the Institute of Diagnostic Imaging and Radiation Oncology of the 
Faculty of Animal Science at Kaposvár University. 
Before the CT measurements all of the eggs were weighted and positioned for the 
scanning in standing/upright position. During the CT measurements eggs were placed in egg 
holders (10 eggs) and in egg trays (30 eggs). Two and five eggs were scanned simultaneously 
in egg holders and trays, respectively. Altogether 9 scanning parameters were tested: 80kV-
40mAs, 80kV-80mAs, 80kV-120mAs, 110kV-40mAs, 110kV-80mAs, 110kV-120mAs, 
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130kV-40mAs, 130kV-80mAs, 130kV-120mAs. In all cases eggs were scanned using 
overlapping 3 mm slice thickness. The images obtained were analyzed first by the Medical 
Image Processing V1.0 software, developed by the above-mentioned institution, and later by 
new self-developed egg-separation and segmentation software. 
After the CT measurements, all of the eggs were broken and their yolk and albumen 
were separated. After weighing the yolk, its ratio to the whole eggs was calculated. For 
predicting the egg yolk ratio in vivo, prediction equations were created by means of the linear 
regression method using the CT data as independent variable in the model. Prediction 
equations were created by the SPSS statistical software package (SPSS 10.0 for Windows, 
1999) also in this case. 
 
RESULTS AND DISCUSSION 
 
In the first experiment, as first step of the evaluation, correlation between E value and 
dry matter content of the eggs was examined. It was found that the E value in itself resulted in 
a 29% accuracy of prediction in this case (Eq. 1): 
 
Eq. 1: Dry matter (%) = 26.2 - 0.016 x E-value 
 (R²=0.292, P<0.001) 
 
When the weight of the eggs was involved as another independent variable in the 
model than the accuracy of prediction was significantly improved (Eq. 2): 
 
Eq. 2: Dry matter (%) = 20.7 -0.036 x E-value + 0.164 x Egg weight (g)  
 (R²=0.472, P<0.001) 
 
In the case of the protein content the only use of the E-value and also the common use 
of the E-value and the weight of the eggs in the model resulted in a very low and very similar 
accuracy of prediction (Eq. 3 and 4): 
 
Eq. 3: Protein (%) = 13.7 - 0.005 x E-value 
 (R²=0.179, P=0.003) 
 
Eq. 4: Protein (%) = 14.0 - 0.004 x E-value – 0.009 x Egg weight (g) 
 (R²=0.182, P=0.013) 
 
Much worse accuracy of prediction was obtained when the E value in itself was used 
for the in vivo determination of the eggs’ fat content (Eq. 5): 
 
Eq. 5: Fat (%) = 5.0 + 0.001 x E-value 
 (R²=0.002, P=0.754) 
 
However, the common use of the E value and the weight of the eggs in the regression 
model significantly improved the accuracy of prediction in this case (Eq. 6): 
 
Eq. 6: Fat (%) = 11.9 + 0.026 x E-value – 0.203 x Egg weight (g) 




The medium accuracy – obtained in the prediction of the eggs’ fat content – was very 
similar to our former results, where the body fat content of rabbits (Milisits et al., 1999, 2000) 
and fishes (Hancz és mtsai, 2003) was determined with very similar accuracy. 
Because in our former experiment the medium accuracy was enough precise to 
separate rabbits with different body fat content (Milisits and Lévai, 2002), as next step of the 
evaluation it was tested whether this separation is possible also in the case of the eggs or not. 
For this purpose eggs with the lowest (n=5) and highest (n=5) predicted fat content were 
chosen and their analyzed fat content was compared. In Table 1 it is well visible that the 
analyzed fat content of these eggs differed significantly from each other. 
 
Tab 1. 
Comparison of the analyzed fat content of eggs separated based on their predicted fat content 
 



























The same result was obtained also in a later experiment, where the effect of egg 
composition on the hatchability and on the hatched chicks’ development was also 
demonstrated (Milisits et al., 2010). 
In spite of these favorable results, at the end of this experiment it was concluded that 
the TOBEC method seems to be useful only for separating eggs with very different 
composition and it is not useable for the precise determination of the composition of a given 
egg. Therefore, in a following experiment, the applicability of another method (computer 
tomography) was tested for the in vivo determination of egg composition. 
In this experiment, as first step of the evaluation, the X-ray density values of the pixels 
(picture elements) were used to determine the egg yolk ratio in the hen’s eggs in vivo. Using 
this evaluation method it was established that the X-ray density values of the egg yolk clearly 
differ from that of the animal’s fatty tissues.  
While X-ray density values of the animal’s fatty tissues ranges from -200 to -20 on the 
so-called Hounsfield-scale, the values of the egg yolk varies between -10 to +30. The reason 
of this could be the higher water and protein content of the yolk, which results in an increase 
of the X-ray density values in the egg yolk.  
Because of the overlapping X-ray density values of yolk and albumen, this evaluation 




























Fig. 1. X-ray density values of the egg yolk and albumen 
 
As another method of the evaluation, the surface of the egg yolk was determined on 
the cross-sectional images for predicting the egg yolk content in vivo (Fig. 2). 
 
                                               
 
Fig. 2. Cross-sectional CT images of hen’s eggs 
 
As first step of this evaluation only one scan per egg was used for testing the accuracy 
of prediction. Using the scan taken at the germinal disc resulted in a 69.3% accuracy of 
prediction (Eq. 7). 
 
Eq. 7:     Egg yolk ratio in the hen’s egg (%) = 6.490 + 0.499 x egg yolk ratio on the CT scan 
(R²=0.693, P<0.001) 
 
Only a slightly better accuracy was obtained, when the two (Eq. 8) or four (Eq. 9) 
neighboring (±1 or ±2) scans were also involved into the evaluation: 
 
Eq. 8:     Egg yolk ratio in the hen’s egg (%) = 3.911 + 0.593 x egg yolk ratio on the CT scans 
(R²=0.729, P<0.001) 
 
Eq. 9:     Egg yolk ratio in the hen’s egg (%) = 4.068 + 0.659 x egg yolk ratio on the CT scans 
(R²=0.741, P<0.001) 
 
This accuracy of prediction is better, than it was formerly by means of the TOBEC 
method, but the manually determination of the yolk’s surface is very time consuming. 




was developed, which can be used to determine the whole volume of the yolk, albumen and 
shell automatically by separating them with the determination of their borders using all of the 
scans from the eggs. 
Based on the results it seems that the correlation between predicted and measured yolk 
content is better, when only two eggs are scanning simultaneously. In this case the correlation 
coefficient is about 0.79, depending on the technical parameters of the scanning, while it is 
about 0.65, when five eggs are scanning simultaneously. The difference between the results 
can be explained by the better resolution of the scans, when eggs are examined in egg holders 
instead of egg trays. In this case an egg is represented by more pixels and therefore the 
separation of the anatomical structures is more exact by the edge-detecting algorithm. 
From the nine different technical parameters higher correlations were found, when 110 
or 130kV was used (r=0.78-0.79) instead of 80kV (r=0.75-0.76). Changing in the values of 




Based on the results it was concluded, that the TOBEC method seems to be useful 
only for separating eggs with very different composition and it is not suitable for the precise 
determination of the composition of a given egg. The accuracy of prediction by means of 
computer tomography seems to be much better, but it would be also necessary to improve it in 
the future. The possible way of the development could be either the adaptation of new 
algorithms into the egg-separation and segmentation software, or the use of more scans – 
smaller slice thickness – covering the eggs during the measurement procedure. The precise in 
vivo determination of egg composition could be a good starting point for the examination of 
correlations between egg composition, hatchability and hatched chicks’ development. 
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